This paper has the objective to analyze the cellular aspects of liver regeneration (LR). Upon damage in this organ, the regenerative capacity of hepatocyte is sufficiently able to reestablish the parenchyma as a whole. Taking into account the regenerative capacity of hepatocyte, the need of a progenitor or a liver trunk cell was not obvious. Nowadays it is wellestablished that precursor cells take part in the liver regenerative process. The liver trunk cell, oval cell, acts as a bypotential precursor, contributing for the liver restoration, mainly when the hepatocytes are unable to proliferate. Another precursor, trunk cell of hematopoetic origin (HSC), takes part in the regenerative process, originating cells of the hepatocitic lineage and colangiocytes, as well as the oval cell. The way the trans-differentiation takes place is not established yet. A number of studies must be undertaken in order to clarify questions, such as the possible occurrence of cellular fusion process between the HSC and the hepatic cells and the possibility of application as a new therapeutic procedure in the treatment of diseases associated with insufficiency of this noble organ. Key words: Liver Regeneration. Oval Cell. Liver. Trunk Cells.
Introduction
The liver is one of the most complex organs of the human body. Mammals keep a constancy of liver mass throughout their lives; in order to occur this permanency there is the need of maintenance of this tissue. Aspects of liver regeneration have been described since long in the history of mankind, tracing back to reports of the Greek mythology, such as the story of Chained Prometeu that is one of the classical plays of the Greek tragedy written by Esquilo in 470 a.d., where an eagle used to daily devour his liver, which could reconstitute itself. Experimental models have been developed to study this fascinating regenerative aspect; the most used experience was developed by Higgins and Anderson in 1931 . 1 It consists of a partial hepatectomy of two thirds of the liver with removal of the two frontal lobes, which comprise about 70% of the liver tissue. Partial hepatectomy has the advantage of inducing a regenerative response without occurrence of damage in the remanescent tissue, which differs from harmful processes caused by toxic or viral agents, cancer or cirrhosis, where the hepatocyte regenerative capacity is impaired. In cases where the hepatocyte proliferation capacity is inhibited, cells that able to differentiate into liver tissue come into action such as trunk cells of the liver itself, oval cells, and extra hepatic trunk cells, such as trunk cells of hematopoetic origin. In addition to these cellular mechanisms, a series of genes, cytokines and growing factors are involved in the regenerative process. The exact mechanism of regeneration and interaction between cells and cytokines is not entirely clarified yet. We have noted a sequence of orchestrated events that results in the regeneration of this organ. The elucidation of these processes should provide a better management of cases of terminal liver disease; particularly by the induction of the liver regenerative process.
Hepatocytes
The liver is one of the most complex organs of the human body. Due to the high degree of differentiation, the hepatocyte is a cell that rarely divides. However, its replication capacity is not lost. Despite this slow cell turn-over, hepatocytes and colangiocites show a marked capacity to supply the cellular demands when there is tissue damage. 2 In animal models, DNA synthesis starts within 12 to 16 hours after the partial hepatectomy process (PH), with a peak around 24 to 48 hours. Three days after a PH, there is restoration of the liver mass, but in this stage of the liver regeneration, the histology is very different from a normal liver tissue. The hepatocytes are grouped into non-vascularized clusters with about 12 to 15 cells. The extra cellular matrix is reduced due to the hepatocyte expansion without the synthesis of a new matrix. Following this period, hepatocyte proliferation decreases and starred cells migrate to the clusters, at the same time, new vases are made up. The histology and the liver function reestablish around 8 to 10 days after surgery. 3 In addition to this regenerative ability proper to the organ, it has also been noted that transplanted cells are capable of marked clonal expansion in injured livers, both in animals and in human beings. Liver progenitor cells, with pluri-potential features, abundant in fetal liver, might be used for liver transplantation For instance, fetal liver progenitor cells that do not express the greater complex of histocompatibility class I (MHCI), may escape from the immunological system when they are transplanted even in incompatible MHC recipients. 4 DPPIV animals, subjected to the administration of Retrosine, drug that causes liver damage, showed liver colonization with 60 to 80% of DPPIV positive hepatocytes, within six months after transplantation. 5 Colonogenic cells may be isolated from the fetal liver of rats. Hepatocytes expressing integrine a6 (CD49f) and ß1 (CB29), but not c-Kit, CD45 or Ter 119 (eritróide precursor antigen), show a great ability to make up cultures. Then these precursors were termed forming units of liver colonies in cultures (H-CFU-C), when selected by the _expression c-met, were able to produce hepatocytes (positive albumine) and colangiocytes (CK 19 positive) in culture. Marked EGFP cells, clonally derived from H-CFU-C, produced hepatocytes and cells of the biliar tract when they injected into rats. Surprisingly, it as also found differentiation in ducts and pancreatic acids, as well as in cells of the duodenal mucosa when they were directly injected into these organs, suggesting the presence of a unique pluri-potent precursor. 6 Even the transplantation of hepatocytes that have already differentiated, non-fetal, has turned out to be effective in the normalization of bilirrubine livels and in the implementation of the activity to conjungate bilirrubine in Gunn rats (a modelo of syndrome of Crigler-Najjar). Infusion of hepatocytes through the port vein, equivalent to 5% of the parenchimatous mass in patients with syndrome of Crigler Najjar, may result in reduction of sreum levels of billirubines and the increase of bilirrubine conjugated in the bile. 7 Hepatocyte transplantation has shown success in the treatment of diseases of storage of glicogenio type Ia. 8 
Liver Oval Cells
The concept of stem cell was established from the epithelium of the gastrointestinal and cutaneous tracts, where progenitor cells (stem) differentiate irreversibly towards the final specialization stages. This process is associated with the gradual loss of the proliferating ability of the specialized cells. 9 Liver stem cells were first postulated by Kinosita in 1937, but their identification was actually established in experiments about hepatocarcinogenesis using 2-acetilaminofluorene (2-AAF), which impairs the proliferation of hepatocytes and dietilnitrosamine (DEN), a powerful cancer agent. Then they were called "oval cells" owing to its morphological aspect, with scarce cytoplasm and ovóide nucleus. 10 Oval cell proliferation can be noted by means of the exposition of the animal to 2-AAF and the induction of liver damage, such as a hepatectomy, but without the use of DEN.
11 Oval cells were considered as an undifferentiated cell group able to reestablish the liver tissue, intestinal epithelium and pancreas. 12 They can originate from cells present in the Hering's duct or from undifferentiated cells near to the biliar ducts. They constitute a narrow bando of cells adjacent to the Hering´s canals, anatomic junction of the canalicular system, or in terminal branches of the biliar tree. 13 They may both be a precursor source and have a supportive or inductive role. Oval cell population is heterogenous and constitute a sub-population of epithelial cells showing a potential for diverse development, depending on the degree of impairment of the specific lineage. However, there is still not an accurate definition of the factors associated with the in vivo differentiation of oval cells in hepatocytes. Notwithstanding, when the liver tissue is subjected to na aggresion, in which hepatocytes are unable to proliferate, this optional compartment of oval cells may be activated, thus regenerating the liver tissue. 12, 13 Similar to the rest of stem cells of adult tissues, oval cells show a common cellular origin (clonal), ability for self-renovation, proliferative potential, differentiation, capacity to regenerate tissues after injury, presence of markers of specific lineage and cellular undifferentiation.
14 Antigens that are traditionally associated with hematopoetic stem cells may be expressed in oval cells, including c-Kit, flt-3, Thy-1 e CD34. 15 
Hematopoetic stem cells
It was observed that in experimental model of alcoholinduced peri-portal necrosis there was the appearance of "null" proliferative cells, negative both for hepatocyte markers and for colangiocyte markers. It is possible that all cells of undifferentiated phenotype or "null" cells derive from cells of the Hering´s canal or of the biliar ducts, and have lost the _expression of colangiocyte markers in the early stages of proliferation, configurating the undifferentiation stage. This narrow band of cells adjacent to the Hering´s canals or in terminal branches of the biliar tree would not be the source of these cells. 16 The demonstration of transformation of cells from the osseous medulla of the damaged skeleton muscle, suggested that cells derived from the osseous medulla may have the role of progenitor cells in tissues under aggression, as a possible transdifferentiation of these cells. 17 Recent studies support evidence that adult stem cells, particularly the hepatopoetic ones, may graft diverse sites, particularly when they are damaged. These cells may expand clonally, differentiate, making a contribution to the grafted tissue. Similarly, hematopoetic stem cells may be amplified in vitro and stimulated to differentiate in many types of tissues. Supportive evidence for the so-called plasticity of the stem cells is related to the demonstration of positive chromosome Y cells in a female receptor of osseous medulla transplantation from a male donor. These techniques are usually combined with markers of specific lineage of the tissues in an attempt to decide whether there has been an actual deviation (transdifferentiation) of transplanted cells. 18 Peterson et al, 1999, 19 was the first to demonstrate the trans-differentiation of progenitor cells of hematopoetic origin in liver tissue in animal model. This hypothesis was studies in experimental model, in which there was osseous medulla transplantation in isogenic rats with gender discrepancy. It was concluded with this study that: cells from the osseous medulla would have an ability to transform into liver tissue through the colonization in the form o hepatocytes and colangiocytes like an oval cell, Transdifferentiation of hematopoetic stem cell in hepatocytes has been widely investigated. It was possible to observe that the liver colonization by cells from the donor had already been detected in differentiated form in hepatocytes and colangiocytes through transplantation of male Fah positive donors in female Fah negative recipients, with the graft result around 30% of the hepatocytes. 20 Melted cells were found by using the same protocol, added to the cariotypic analysis of the grafted cells; Fah positive cells mixed with the recipient's cells. 21 Since then, the plasticity of adult stem cells has been questioned, suggesting transdifferentiation through the product of cellular fusion of non-melted stem cell and preexistent differentiated cells. Hepatic nodules, expressing FAH, were generated by the transplantation of osseous medulla of FAH+ rats in irradiated females FAH (-). The analysis of chromosome in metaphase revealed that hepatocytes derived form donor showed normal cariotypes (40 XY), tetraplodia (80 XXXY) or hexaploidia (120XXXXXXYY), suggesting the fusion and not the differentiation of hematopoetic stem cells. 21, 22 It is still incertain what is exactly the cell type that fuses with the recipient´s liver. It was early presumed that they were the hematopoetic stem cells derived from the donor fused with the recipient´s tissues. It was suggested that even macrophages (Kuppfer´s cells) may fuse with other cells. In response to the injury, myeloid precursor cells might be recruited as part of the inflammatory response and incorporate to the liver parenchyma in a fusion form. 23 On the other side, the fusion phenomenon was not observed in transdifferentiation model of hematopoetic cells of cordão in hepatocytes. 24 Human studies have shown that the cellular fusion hás little or no role in cellular transdifferentiation process. 23 There is a variety of mechanisms that are responsible for the genomic plasticity. Cellular fusion may occur in certain systems, and transdifferentiation without fusion may take place in others. So far, factors that regulate these occurences remain uncertain. A possible demonstration of the therapeutic potential of hematopoetic-origin cell transdifferentiation was proposed: female mice, defficient for enzyme hydroxylase fumarilacetate (fash -/-), a model of tirosenemia type I hereditary), were transplanted with osseous medulla of male mice Fah+, giving a positive result with a colonization around 30 to 50% of cells presenting positives SRY and Fah, from the donor, reestablishing the liver metabolic function of the mice that received osseous medulla. 25 Due to the possibility of transdifferentiation occurence of progenitors of hematopoetic cells in liver tissue, several questions have been raised by a few researchers about the origin of oval cells from these progenitors of osseous medulla. 19, 26 Other studies suggest that cells originated from the medulla are distintic cell groups of oval cells, as a third storage supply for the liver regeneration. 15, 27, 28 In transplantation model of osseous medulla in rats, it has been demonstrated that epithelial chromossome Y positive cells with co-_expression CK 19 would be extrahepatic circulating stem cell, which had colonized the liver and acquired phetotype similar to that of the oval cells. 26 Studies of hepatic stem cell markers showed that hepatic/hematopoetic stem cells could be negative for Thy-1 and CK19, but positive for other markers of undifferentiation such as c-kit and CD34, and the oval cells would be positive for CK-19 and could show variations (positive or negative) concerning their marking for c-kit, Thy-1 and CD34. 26 Using double immuno-histochemical marking, it was demonstrated that morphologically oval cells expressed a marking that is typical to oval cells, CK19 positive, but DDP4 negative, and it was concluded that the progenitors that had colonized the liver did not transdifferentiate in oval cells. 28 These findings show substantial evidence that oval cells in the liver of roedents may be considered a specific progenitor of liver stem cells, and not a progeny from hematopoetic stem cells.
